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(54) Photocurable resin composition 

(57) A novel photocurable resin composition. The resin composition capable of providing a cured product having 
excellent mechanical strength, high dimensional accuracy, and excellent toughness. The resin composition capable <rf 
providing a cured product with little change in mechanical strength with time. The resin composition capable of forming 
by fabricating a three-dimensional object which can be used for a long period of time in a humid atmosphere. The com- 
position comprises, (A) a compound represented by the formula (1) illustrated below, (B) a cat.omc photo-inrtiator, (C) 
an ethylenically unsaturated monomer, (D) a radical photo-initiator, and (E) a polyol; 



d) 



wherein R 1 and R 2 , which may be the same or different, individually represent a hydrogen atom, methyl group. ethyl 
group, isopropyl group, n-butyl group, sec-butyl group, or tert-butyl group, m is an integer from 1-7. and r ns an .rteger 
f rom 1-20 provided that when there are two or more groups of R or R 2 present, a pluralrty of R or R 2 may be erther 
the same or different 
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Descrtpti n 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 
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The present invention relates to a photocuraHe resin composition, especially to a liquid P^™^ 6 ^" ^ 
sitioSaoTe as material used in photo-fabricating processes and capatte of proving cured products havmg a h,gh 
moisture resistance and excellent toughness. 

Description of the Background Art 

in recent years photo-fabricating processes for forming three-dimensional objects consisting of integrally lami- 
nated £2 UeS ^^aye^ prepared by repeating a step of forming a cured resin .ayer by selectvely jrrad«t,ns , a £uri 
pno^urSe ^Sith .Jht have been proposed (see Japanese Patent Applicahon Lajd-open ^24751^ 
SToTs'So (JapanesVPatent Application Laid-open No. 35966/1987). Japanese Patent Apphcabon Lad-open 

N °- I°^22^^ a curable resin -ayer having a specified 

r^S^SESlSL. (A) to (O M been - toe pn^e ,esto o^ton ««, to toe 

photo-fabricating process. 

(A) Resin compositions containing a radically polymerizable organic compound such as "^"^^^^ 
^"(mSTcryfate, epoxy(meth)acrylate. ^^^SiSS^^I^Si 

laoanese Patent Aoplications Laid-open No. 204915/1989. No 208305/1991. and No. 160013/1989). 

wEZ coCisSs containing a cationically pdymerizable organic compound such as an ep^j^ound 
cvdrcXrcXund. cyclic lactone conpour^ 

s£ coCou^Tnyl etter compound, and the like (see Japanese Patent Applicabonl LaulK>pen No. 213304/1989)^ 
commons corZing a radically polymerizabte ^ST^I^T^mZX 
organic compound (see Japanese Patent Applications La.d-open No. 28261/1990. No. 75618/1990. and no. 

228413/1994). 
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tions requiring mechanical strength over an extended period of time. 

Also, no three-dimensional object prepared by using the conventional resin compositions is provided wrthmechan- 
ical strength, toughness, dimensional accuracy, heat resistance, moisture resistance, water resistance, and the like 

reouired for the trial mechanical parts. , . . „ 

s The present invention has been achieved in view of this situation and has an object of providing a novel photocur- 

^ e S^c^dthe present invention is to provide a photocurable resin composition providing cured products 
which have high mechanical strength, high dimensional accuracy, and excellent toughness. t ^ ^ 

A further object of the present invention is to provide a photocurable resin composition providing cured products 
10 with lasting minimal deformation characteristics. 

A still further object of the present invention is to provide a photocurable resin composition which can be molded to 
produce a three-dimensional object suitable for trial mechanical parts. 

A still further object of the present invention is to provide a photocurable resin composition which can be molded to 
produce a three-dimensional object which can be used under highly moisturised conditions for a long penod of time. 
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SUMMARY OF THE INVENTION 

The above objects are achieved in the present invention by employing a photocurable resin composition compris- 



ing. 



(A) an epoxy compound having a cyclohexene oxide structure. 

(B) a cationic photo-initiator, 

(C) an ethylenically unsaturated monomer, 

(D) a radical photo-initiator, and 
25 (E) a polyol. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of a three-dimensional object formed in accordance with the Examples and Compar- 
30 ative Examples. 

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

The photocurable resin composition of the present invention comprises, as essential components, an epoxy com- 
35 pound having a cyclohexene oxide structure represented by formula (1) 
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,c C L ^4R»"l" o " cH,J ^ 

O L K* J » 0 J„ 



(D 



wherein R 1 and R 2 which may be the same or different, individually represent a hydrogen atom, methyl group, 
ethyl group isopropyl group, n-butyl group, sec-butyl group, or ten-butyl group, m is an integer from 1 -7 and n is an inte- 
g7from^^ 

KthTSr^oScIv). a cationic photo-initiator as the component (B). an ethylenically unsaturated monomer as the 
component (C). a radical photo-initiator as the component (D). and a polyol as the component (E). 

Component (A) 

The component (A) contained in the photocurable resin composition of the present invention is an epoxy compound 
having a cyclohexene oxide structure. Epoxy compounds which can be used are cationically polymenzable compounds 
Sc^ stert a polymerization reaction an^ 
ionic polymerization initiator. 

Typical examples of the epoxy compounds as the component (A) are e-caprolactone denatured 3.4-epoxycy- 
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clohexylmethyl-3\4^epoxycydohexane caiboxylate, trimethylcaprolactone denatured 3,4-epoxycyclohexytmethyl- 
3' 4--epoxycydohexane cartxixylate. and p-metfiyl-8-valeroladone denatured 3.4-epoxycydohexylmethyl-3\4;-epoxv 
cyclohexane carboxylate. These compounds may be used as the component (A) either individually or in combinatory 
of two or more. These epoxy compounds can be synthesized, for example, by reacting 3.4-cydohexeriylmethyl-3.4- 
cyclohexene carboxylate with a lactone compound and by epoxydating the resulting reaction product with a peraad. 

Typical examples of commerdally available products of epoxy compounds as the component (A) are Celoxide 
2081 Celoxide 2083, and Celoxide 2085 (manufactured by Daicel Chemical Industry Co. Ltd.). 

The proportion of the component (A) in the photocuraWe resin composition is preferably 5-60% by weight, and 
more preferably 7-45% by weight. The particularly preferable proportion is 10-35% by weight of the total photo-curable 
resin composition. If the proportion of the component (A) is too low. no cured produd (three-dimensional objed) pre- 
pared from the resulting resin compositions can exhibit high moisture resistance and excellent toughness (extensibility). 
On the other hand, if the proportion of the component (A) is too high, the mechanical strength of cured products (three- 
dimensional objeds) from the resulting resin compositions tends to be low. 



>5 Component (B) 

The cationic photo-initiator as the component (B) is a compound capable of liberating a molecule initiating cationic 
polymerization of the component (A) by receiving radiation such as light. Given as examples of the cationic photo-mii- 
ator are onium salts illustrated by the following formula (2). which are a compound releasing Lewis acid upon exposure 
20 to light: 

[R 3 e R 4 b R 5 e R 6 dZr m IM>y m < 2 > 

wherein the cation is onium; Z represents S. Se. Te. P. As. Sb. Bi. O. I. Br. CI, or N-N; R 3 , R 4 . R 5 . and R 6 represent 
25 individually the same or a different organic group; a. b. c. and d represent individually an integer from 0 to 3. and I the 
sum of a b c and d (=a+b+o+d) is equal to the valence number d Z. Also. M represents a metal or metalloid which 
constitutes a center atom of a halide complex. Typical examples of M are B. P. As. Sb. Fe, Sn. Bi. Al. Ca. In. Ti. Zn. Sc. 
V. Cr. Mn. and Co. X represents a halogen atom, m is a substantial electric charge and n is the number of halogen 
atoms in the complex anion. 

Given as specific examples of the negative ion (MX„) in the above formula (2) are tetrafluoroborate (BF 4 ). hex- 
afluorophosphate (PF 6 ). hexafluoroantimonate (SbF 6 ). hexafluoroarsenate (AsF 6 ). and hexachloroantimonate 

Also onium salts containing a negative ion represented by the general formula [MX./OH)- 1 ] can be used. Further, 
onium salts induding a negative ion. for example, perchloric acid ton (CKV). trifluoromethane sulfonate ran (CF3SO3 
), fluorosulfonate ion (FSO3 ), toluene sulfonate ion. trinrtrobenzene sulfonate negative ion. and tnnitrotduene sulfonate 

negative ion are suitable. . __ _ .. 

The above-mentioned cationic photo-initiators can be used as the component (B) either individually or in combina- 
tions of two or more. ... u ■ 

Among these onium salts, especially effective onium salts as the component (B) are aromatic onium salts, in which 
the following compounds are preferable: aromatic halonium salts described, for example, in Japanese Patent Applica- 
tions Laid-open No 151996/1975 and No. 158680/1975; VIA group aromatic onium salts described, for example, in 
Japanese Patent Applications Laid-open No 151997/1975. No 30899/1977. No. 55420/1981. and No. 125105/1980; 
VA group aromatic onium salts described, for example, in Japanese Patent Application Laid-open No. " 158698/1 975; 
oxosulfoxonium salts described, for example, in Japanese Patent Applications Laid-open No. 8428/1981. No. 
149402/1981 and No 192429/1982; aromatic diazonium salts described, for example, in Japanese Patent Application 
Laid-open No 17040/1974; and thiopyrylium salts described in the specification of USP No. 4.139.655 all of which are 
hereby incorporated by reference. A Iron/allene complex and aluminum complex/photo-decomposed silica compound 
initiator are also given as examples of the onium sate. 

Given as examples of commerdally available produds of the cationic photo-.nrt.ator are UVI-6950. UVI-6970. UVI- 
6974. UVI-6990 (manufadured by Union Carbide Corp.). Adekaoptomer SP-150. SP-151. SP-170. SP-171 (™n"fac- 
tured by Asahi Denka Kogyo Co. Ltd.). Irgacure 261 (manufactured by Ciba Geigy). CI-2481. CI-2624. CI-2639. C - 
2064 (manufactured by Nippon Soda Co.. Ltd.). CD-1010. CD-1011. CD-1012 (manufadured by Satomer Co Ltd.) 
DTS-102 DTS-103 NAT-103. NDS-103. TPS-103. MDS-103. MPI-103. BBI-103 (manufadured by Midori Chemical 
Co Ltd) Among these. UVI-6970. UVI-6974. Adekaoptomer SP-170. SP-171. CD-1012. MPI-103 are particularly 
preferable to develop high curing sensitivity of the resin composition which contains theserompounds. 

The proportion f the component (B) in the photocurable resin composition is 0.1-10% by we.ght. preferably 0.2- 
5% by weight, and more preferably 0.3-3% by weight. If the proportion of the component (B) is too low. the photo-curing 
charaderistics of the resulting resin compositi n are insufficient and three-dimensional objects produced therefrom will 
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resin composition also tends to be lower. 
Component C 

mam 

col (meth)acrylate. and. the compounds shown in the following general formulas (3) to (5). 



CH 



J" 



C - C - 0(R e O) t -R 9 
R 0 



(3) 



CH," C - C (O-R 10 -C) q -O-CH 2 -R 11 < 4 > 

|l I 
R 7 0 0 



R 7 



35 



CH, O - CH R 7 
I / \ / 



CH 2 = C - C (0-R"-C),-0-CH 2 - C - CH 
40 I? {, i CH 3 0 - C-R 7 R 7 

R 7 



C (5) 
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*hl nnmnnnpni ftt either individually or in combinations of two or more, 
tured by Osaka Organic Chemical Industry Co Ltd.). ^ ad ™ 5hSScDPW«I D-310. D-330, DPCA-20, 

ylolpropane tetra(m e th)acrylate are^cularly PjJ*Jj- eoffl ^ |jon rt ^ present invention is generally 5- 
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The radical photo-initiator which is the component (D) of the resin composition of the present invention is a com- 
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none. acetophen ne benzyl ketal. ^^'^^J^'^T'; , ^ i m e . h0 xvdeoxybenzoin, 3.3'-dirnethyl-4-methoxy- 
xanlhone, 4<hlorobenzophenone. 4 - 4 «) obe ™ p ^ 2-benzyl- 
benzophenone. Ihioxanethone compounds 2-me* ^'^^^^ZS^ dphenylphosphine 
2 Kfimethyten 1 ino-1-(4-n W rpholinopheny1)^^ne.^ ^^^^S^^^^^' 
oxide. bis(2.6<limethoxybenzoyl)-2.4,4^ ^ ether, 

phenyl ketone, ^hydroxy^-methyt^henylpropar^^ peroxycarbonyl) 
'benzoin propyl ether, 

more ; 4U . . mrthvl keta i i-nvdroxycyclohexylphenyl ketone, 2.4.6-trimethylbenzoyl diphenylphosphine 
of the radical polymerization reacton*^^ 

Snce. aS haSng of the three<Jimensional object obtained from the ream compos,«,on. 

or the like; pdycaprolactone ^JJ^^^^^l^ vJth poVyestera consisting of a dbasic acid 
polyester polyols prepared by toe reaction of ^J^W*™ adduct trimethylolprcpane. propylene oxide 
and a diol. Specific examples caprolactone denaturated trimethylo^ro- 
adduct trimethylolpropane. tetrahydrofuran de naturated ' ™ W ° p ^2 rofuran denatU red glycerol, caprolac- 
pane. ethylene oxide adduct glycerol, propylene ox.de adduct glycerol '^^^ ™^^^^ a ^ rofuran 

sorbitol, caprolactone modrf.ed sorbrtol. ethylene^ °» d ^c«uct sue ^ individually or in 

erd and propylene oxide adduct sorbrtol are desirable. _ nr . Wv/ 1ftft - ^ H noivether oolyols 

in«h rt ». U™,<ii™n*»»l *»>^ ^^^X'r^K* «n » used as <x»*onent 
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(E) is too low, the aim of developing the photo-curing characteristic cannot be achieved and th re are cases where a 
three-dimensional object with sufficient stability in shape and properties cannot be produced depending on the resulting 
resin composition. Also, the toughness of the three-dimensional object tends to be lower. On the other hand, if the pro- 
portion of the component (E) is too high, there is a tendency for the mechanical strength of a three-dimensional object 
prepared by the photo-fabricating process to be reduced and for the resulting three-dimensional object to be softened 
by moisture or water. 

Optional components 

In addition to the above-mentioned components (A) to (E) f various other components may be incorporated into the 
photocurable resin composition of the present invention to the extent that the photo-curability of this composition is not 
adversely affected. Such optional components include cationically polymerizable organic compounds other than the 
above-mentioned component (A). 

Typical examples of such cationically polymerizable organic compounds are epoxy compounds, oxetane com- 
pounds, oxalan compounds, cyclic acetal compounds, cyclic lactone compounds, thiirane compounds, thietane com- 
pounds, vinylether compounds, spirc-ortho ester compounds which are reaction products of an epoxy compound and 
lactone, ethylenic unsaturated compounds, cyclic ether compounds, cyclic thioether compounds, and vinyl compounds. 

Given as examples of the epoxy compounds which can be used as the optional component are 3,4-epoxycy- 
clohexyl methyl-3\4'-epoxycyclohexane carboxylate. 2-(3.4-epc*ycyclohexyl-5,5-spiro-3,^^ 
dioxane. bis(3.4-epoxycydohexylmethyl) adipate, vinyl cyclohexene oxide. 4-vinyl epoxycyclohexane, bis(3,4-epoxy-6- 
methylcyclohexylmethyl) adipate, 3.4-erjoxy-6-methylcyclohexyl-3\^ carboxylate, methyl- 

ene bis(3,4-epoxycyclohexane), dicyclopentadiene diepoxide, di(3,4-epoxycyclohexylmethyl) ether of ethylene glycol, 
ethylene bis(3,4-epoxy cyclohexane carboxylate), epaxidated tetrabenzyl alcohol, lactone modified epoxidated tetrahy- 
drobenzyl alcohol, cyclohexene oxide, diglycidyl ethers such as bisphenol A diglycidyl ether, bisphenol F diglycidyl 
ether, bisphenol S diglycidyl ether, brominated bisphenol A diglycidyl ether, brominated bisphenol F diglycidyl ether, 
brominated bisphenol S diglycidyl ether, an epoxy novolak resin, 1 ,4-butanediol diglycidyl ether, 1 ,6-hexanediol diglyci- 
dyl ether, glycerol triglycidyl ether, trimethylolpropane triglycidyl ether, polyethylene glycol diglycidyl ether, and polypro- 
pylene glycol diglycidyl ether; polyglycidyl esters of polyols prepared by adding one or more alkylene oxides to aliphatic 
polyhydric alcohol such as ethylene glycol, propylene glycol, and glycerol; diglycidyl esters of aliphatic long chain diba- 
sic acid; monoglycidyl ethers of aliphatic higher alcohol; monoglycidyl ethers of phenol, cresol, or polyether alcohol pre- 
pared by adding alkylene oxide to these; glycidylesters of higher fatty acid; epoxidated soybean oil. butylepoxy stearate, 
octylepoxy stearate, epoxidated linseed oil, and epoxidated polybutadiene. 

Typical examples of the oxetane compounds usable as the optional component are trimethylene oxide, 3,3-dimeth- 
yloxetane, 3,3-dichloromethyloxetane, 3-ethyl-3-phenoxymethyloxetane, and bis(3-ethyl-3-methyloxy)butane. 

Typical examples of the oxalan compounds usable as the optional component are tetrahydrofuran and 2,3-dimeth- 
yttetrahydrofuran. 

Typical examples of the cyclic acetal compounds usable as the optional component are trioxane, 1 ,3-dioxalan, and 
1 ,3,6-trioxane cyclooctane. 

Typical examples of the cyclic lactone compounds usable as the optional component are -propyolactone and - 
caprolactone. 

Typical examples of the thiirane compounds usable as the optional component are ethylene sulfide, 1 ,2-propylene 
sulfide, and thioepichlorohydrin. 

Typical examples of the thietane compounds usable as the optional component are 3,3-dimethyrthietane. 

Typical examples of the vinylether compounds usable as the optional component are ethylene glycol divinyl ether, 
triethylene glycol divinyl ether, and trimethylolpropane trivinyl ether. 

Typical examples of the ethylenic unsaturated compounds usable as the optional component are vinyl cyclohexane, 
isobutylene, and polybutadiene. 

Optional components other than the above cationic polymerizable organic compounds include photosensitizers 
(polymerization promoters) of amine compounds such as triethanolamine, methyl diethanolamine. triethylamine, and 
diethylamine; photosensitizers including thioxantone or Hs derivatives, anthraquinone or its derivatives, anthracene or 
its derivatives, perillene and its derivatives, benzophenone, benzoin isopropylether, and the like; and reaction diluents 
such as vinyl ether, vinyl sulfide, vinyl urethane, and vinyl urea; polymers or oligomers, such as epoxy resin, polyamide, 
polyamideimide, polyurethane, polybutadiene, polychloroprene, polyether, polyester, styrene-butadiene-styrene block 
copolymer, petroleum resin, xylene resin, ketone resin, cellulose resin, fluorine-containing oligomer, silicon-containing 
oligomer, and polysulfide oligomer; polymerization inhibitors such as phenothiazine and 2,6-di-t-butyl-4-methyl phenol; 
polymerization initiation adjuvants, anti oxidants, leveling agents, wettability improvers, surfactants, plasticizers, UV sta- 
bilizers, UV absorbers, silan coupling agents, pigments, dyes, inorganic fillers, organic fillers, and the like. 

Given as specific examples of the above inorganic fillers used as the optional component are solid microparticles 
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of inorganic compounds, such as glass beads, talc mferopartides. and silicon oxide, and whiskers of basic magnesium 
sulfonate, aluminum oxide, or silicon xide. Specific examples of the above organic fillers used as Ihe optional compo- 
nent are organic solid microparticles of crosslinked polystyrene high polymer, crosslinked polymethacrylate high poly- 
mer, crosslinked polyethylene high polymer, and crosslinked polypropylene high polymer. Also, products fromsuch 
inorganic fillers or rganic fillers treated with a silane coupling agent such as aminosilane. epoxysilane. and acrytsilane 
can be utilized. 

The photocurable resin composition of the present invention can be manufactured by homogeneously blending the 
above-mentioned components (A) to (E) and the optional components. It is desirable for the photocurable resin compo- 
sition of the present invention to possess a viscosity in the range of 50-1 .000 cps. preferably 70-500 cps. at 25 C 

If the viscosity at 25 e C of the resulting photocurable resin composition is too low. there are cases where the flatness 
of liquid level of the resin composition is lost. Alternatively, if the viscosity at 25«C of the photocurable resin composition 
is too high, there are cases where no three<Jimensional object with high dimensional accuracy can be prepared 
because a smooth and thin layer of the resin composition can be produced only with difficulty. 

Photo-fabrica tino process 

The photocurable resin composition of the present invention prepared in this manner is suitable as a (liquid) photo- 
curable material used in photo-fabricating processes. Specifically, using the photo-fabricating process, including selec- 
tively irradiating visible light, ultraviolet light, or infrared light on the photocurable resin composition of the present 
invention, a three-dimensional objed with a desired shape can be obtained as a product in which the cured resin layers 
are integrally laminated. ' 

Various means may be used to selectively irradiate the photocurable resin compositon with light with no specrfic 
limitations Such light irradiation means include, for example, a laser beam, a means for irradiating the corrpcsrtion with 
light and the like converged by a lens, mirror, or the like, while scanning, a means inadiating the composition with non- 
convergent light through a mask provided with a fixed pattern through which light is transmitted, and a means for irradi- 
ating the composition with light via a number of optical fibers bundled in a light conductive member conesponding to a 
fixed pattern. In the means using a mask. Ihe mask electrcoptically produces a mask image consisting of a light trans- 
mitting area and a non-light-transmitting area according to a prescribed pattern by the same theory as that of the liquid 
crystal display apparatus. A means using a scanning laser beam with a small spot size is preferred for selectively irra- 
diating the resin composition wilh light, when a resulting three-dimensional object possesses minute parts or when high 
dimensional accuracy is required to form the three-dimensional object 

In the above means, the irradiated surface (for example, the plane scanned by light) of the resin composition p aced 
in a vessel is either the liquid level of the resin composition or the surface at which the liquid contacts with the wall of a 
transparent vessel. When the irradiated surface is the liquid level or the contact surface of the wall of the vessel, the 
light shines directly out of the vessel or through the vessel. 

In the above photo-fabricating process, a desired solid shape can be made by curing fixed parts of the resin com- 
position and then moving the light spot from the cured parts to the uncured parts continuously or gradually to laminate 
the cured parts. There are various methods for moving the light spot, for example, a method for moving any of the light 
source, the vessel for the resin composition, or the cured parts of the resin composition. Also there is a method in which 
fresh resin composition is supplied to the cured resin composition in the vessel. 

Illustrating a typical photo-fabricating process, the surface of a support stage capable of being optionally elevated 
in the vessel is lowered quite a distance from the liquid surface to form a thin layer (1) of the resin composition, the thin 
layer (1) is selectively irradiated with light to form a solid cured resin layer (1 1 ), the resin composition is sillied over 
this thin layer (1") to form a second thin layer (2), and this thin layer (2) is selectively irradiated with light to laminate a 
new solid cured resin layer (2 1 ) on the thin layer (1 •). This step is repeated for a prescribed number of times, with or with- 
out changing the pattern subjected to light irradiation, to produce a three-dimensional object consisting of a multiple 
number of cured resin layers (n 1 ) which are integrally laminated. 

The threeKfimensional object molded in this manner is discharged from the vessel and processed to remove the 
unreacted photocurable resin composition remaining on the surface, and washed by a solvent, as required. Given as 
examples of solvents are an organic solvent which is represented by an alcohol, such as isopropyl alcohol or ethyl alco- 
hol, an organic solvent such as acetone, ethyl acetate, methylethyl ketone, an aliphatic organic solvent such as a ter- 
peiie. or a low viscosity liquid thermosetting resin or photocurable resin. 

When forming a three-dimensional object with a smooth surface, it is desirable that the cured product be washed 
using the thermosetting resin or photocurable resin. In this case, it is necessary to post-cure the product by heat emis- 
sion or light irradiation depending on the type of solvent used in the washing stage. This post-curing treatment is effec- 
tive not only for curing the resin r maining uncured on the surface of the laminated body, but also for curing the resin 
composition which remains uncured inside the laminated body. Thus, the post-curing treatment k ateo effective in tn 
case where the molded three-dimensional object is washed with an organic solvent 
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After washing it is desirable to ewer the surface of the three-dimensional object with a heat-curable or photocura- 
bte h?rt cSfng agem improve the strength and heat resistance of the surface. As such a hard coating agent an 
suchTs acryl resin, epoxy rem silicon resin, or the lite or an inorgamc coating agent can be 
used These haid coating agents may be used individually or in combinations of two or more. 
5 The three-dimensional object (cured product from the composition of the present invention) obtained in th.s manner 
has m m^anTcTsJength high dimensional accuracy, and excellent toughness elongation. A-so. *e thre^men- 
stonX^Texhibits high staMrty in maintaining a fixed shape and .astir,, stable W^SETJS 
dimensional object prepared from the resin composition is preferably used for tnal products of mechamcal parts. 

ro EXAMPLES 

The present invention will be explained in more detail by way of examples, which are not intended to be limiting of 
the present invention. 

15 Examples 1-4 

According to the formulation shown in Table 1 . the components (A)-(E) and the epoxy compound as the optional 
comoonert were Saced in a vessel equipped with a stirrer and the mixture was agitated at 60«C for 1 hour to prepare 
^SSSSSSS^ as £ pLocurab.e resin composition of the present ^""^ of me 
bo resultinTliquid composition was measured at 25-C using a B-type viscometer. The results are shown in Table 1 . 

rrOmp afath,a Example 1 

According to the formulation shown in Table 1 . the components (B)-(E) and the epoxy compound were ptacedinj a 
25 vesseleauipped with a stirrer and the mixture was agitated at 60°C for 1 hour to prepare a transparent hqujd compos.- 
Jo^s me pS^e resin composition of the present invention. This Comparative Example 1 represents an exam- 
ZZSEiL epoxy compound (component (A)) represented by the formula (1) is not us^The «n«f of the 
resulting liquid composition was measured at 25'C using a B-type viscometer. The results are shown in Table 1 . 

30 Comparative Example 2 

According to the formulation shown in Table 1 . the components (A)-(D) and the epoxy compound were placedin , a 
vessel equipped with a stirrer and the mixture was agrtated at 60*C for 1 hour to prepare a transparent liquid composi- 
tion as *e photocurable resin composition of the present invention. This Comparative Example 2 represents an exam- 
35 pie in JSh the component (E)) is not used. The viscosity of the resuming liquid composrt.cn was measured at 25«C 
using a B-type viscometer. The results are shown in Table 1 . 
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The compounds represented by *(1K(10) are as follows: 

[Celoxide 2081], an epaxy compound represented by the formula (1) wherein m is 5 and n is 1 . 
[Celoxide 2083], an epoxy compound represented by the formula (1) wherein m is 5 and n is 3. 
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*(3) : An poxy compound represented by the formula (1 ) wherein m is 5 and n is 1 . 

*(4): An epoxy compound represented by the formula (1) wherein m is 4 and n is 1 . 

*(5) : UV1 -6974, manufactured by Union Carbide Corp. 

*(6): Viscoat 295. manufactured by Osaka Organic Chemical Industry Co., Ltd. 

*(7) : Irgacure 1 84, manufactured by Ciba Geigy 

*(8): Sunnix GP-250, manufactured by Sanyo Chemical Indistries. Ltd. 

*(9): UVR-61 10, manufactured by Union Carbide Corp. 

*(10): Epolight 4000. manufactured by Kyoeisha Chemical Industry Co., Ltd. 



Fvaluation nf photocura hle resin compositions 

The photocurable resin compositions prepared in Examples 1-4 and Comparative Examples 1 and 2 were evalu- 
ated by measuring the Young's modulus with time and the tensile elongation of the cured products. The dimensional 
accuracy of the resulting three-dimensional objects was also measured. The results are shown in Table 2. 

Change in You ng* modulus with time 



(1) Preparation of test specimens 

A coated film with a thickness of 200 jim was prepared by applying a composition to a glass plate using an appli- 
cator The surface of the film was irradiated with ultraviolet light at a dose of 0.5 J/cm 2 using a conveyer curing appara- 
tus equipped with a metal halide lamp to prepare a half-cured resin film. Next, the half cured resin film was peeled from 
the glass plate and placed on a releasable paper, The side opposite to that first cured by irradiation was irradiated with 
ultraviolet light at a dose of 0.5 J/cm 2 to prepare a completely cured resin film. 

The cured resin film was allowed to stand under the atmospheric conditions described below to produce three test 
specimens (1) to (3). 

Specimen (1) was prepared at a temperature of 23°C. under a humidity of 50% and allowed to stand in a tnermo- 
hygrostat for 24 hours. 

Specimen (2) was prepared at a temperature of 23°C. under a humidity of 50% and allowed to stand in a tnermo- 

hygrostat for 30 days. j . ai 

Specimen (3) was prepared at a temperature of 23°C, under a humidity of 80% and allowed to stand in a thermo- 

hygrostat for 30 days. (2) Measurement of Young's modulus 

The Young's modulus of the test specimen was measured in a thermo-hygrostat at a temperature of 23°C under a 

humidity of 50% at a drawing rate of 1 mm/min and a bench mark distance of 25 mm. 



Rupture Tensile elongation 

(1) Preparation of test specimens 

Test specimens for measuring the tensile elongation were prepared in the same manner as in the preparation of 
the test specimens for measuring the change rate of the Young's modulus with time. 



(2) Measurement 

The tensile elongation of the test specimen was measured in a thermo-hygrostat at a temperature of 23°C under a 
humidity of 50% at a drawing rate of 50 mm/min and a bench mark distance of 25 mm. 



Dimensional accuracy of three-dimension al objects 

(1) Formation of three-dimensional objects by fabricating 

The compositions prepared in Examples 1-4 and Comparative Examples 1, 2 were each molded using an photo- 
fabricating apparatus (Solid Creator JSC-2000, manufactured by Sony Corporation) under the conditions illustrated 
below to form a three-dimensional object consisting of a casing 1 and a cap 2 as shown in Fig. 1. 



Molding conditions 

Laser beam intensity on the liquid surface: 100 mW 
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Scanning V locity: the optimum velocity for the cured depth of the composition to be 0.3 mm. 
Thickness of fabricated cured resin layer: 0.2 mm. 

(2) Evaluation 

The results of the evaluation was rated according to the following standard. 

Good: When the cap 2 is fitted to the casing. 
Bad: When the cap 2 is not fitted to the casing. 



TABLE 2 





Example 


Comparative Example 




1 


2 


3 


4 


1 


2 


Change in Young's modulus with time * 














@23.50%RH ( 24 hrs. 


165 


150 


170 


160 


210 


225 


@ 23, 50% RH. 30 days. 


155 


140 


160 


155 


220 


190 


<§>23,80%RH, 30 days. 


140 


130 


150 


140 


180 


160 


Tensile elongation (%) 


18 


16 


16 


18 


6 


6 


Dimensional accuracy of three-dimensional 


Good 


Good 


Good 


Good 


Good 


** 


object 















* (kg/mm 2 ) 

" The three dimensional object could not be molded. 



The photocurable resin composition of the present invention can produce cured products having high mechanical 
strength, high dimensional accuracy, and excellent toughness. 

Also, the photocurable resin composition of the present invention can produce cured products having little change 
in mechanical strength with time. 

In addition, the photo-fabricating process using the photocurable resin composition of the present invention can 
provide a three-dimensional object possessing excellent primary characteristics, for example, mechanical strength and 
toughness, and high durability, for example, stability in shape and properties. The three-dimensional object of the 
present invention can therefore be suitably used as a trial product for mechanical parts. Also, the three-dimensional 
object can be used for a long period of time in a humid atmosphere. 

Claims 

1 . A photocurable resin composition comprising, 

(A) an epoxide compound having a cyclohexene oxide structure, 

(B) a cationic photo-inrtiator, 

(C) an ethylenically unsaturated monomer, 

(D) a radical photo-initiator, and 

(E) a polyol. 

2. A photo-curable resin composition comprising, 

(A) a compound represented by the formula (1) 
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(B) a cationic photo-initiator, 

(C) an ethylenically unsaturated monomer, 

(D) a radical photo-initiator, and 

(E) a polyol; 

wherein R 1 and R 2 which may be the same or different, individually represent a hydrogen atom, methyl group, 
ethyl group, isopropyl group, n-butyl group, sec-butyl group, or tert-butyi group, m is an integer from 1-7, and n 
is an integer from 1-20, provided that when there are two or more groups of R 1 or R 2 present, a plurality of R 1 
or R 2 may be either the same or different. 

The photo-curable resin composition according to any one of claims 1-2, wherein the amount of component (A) 
present in said photo-curable resin composition, is 5-60% by weight. 

The photo-curable resin composition according to any one of claim 1-3. wherein the cationic photo-initiator (B) 
comprises at least one onium salt of formula 2: 



[tfaR^cR^zniMXJ-' 



(2) 



wherein the cation is onium; Z represents S, Se, Te, P, As, Sb. Bi, O, I, Br, CI, or N-N; R 3 , R 4 , R 5 , and R 6 represent 
individually the same or a different organic group; a, b, c, and d represent individually an integer from 0 to 3, and 
the sum of a, b, c, and d (=a-hb+c+d) is equal to the valence number of Z; M represents a metal or metalloid 
selected from the group consisting of B, P, As, Sb, Fe. Sn, Bi, Al, Ca, In, Ti. Zn, Sc, V, Cr, Mn, and Co and X is a 
halogen atom; m represents the substantial electric charge of the ions and n represents the number of halogen 
atoms in the anion complex. 



35 5. The photo-curable resin composition of daim 4, wherein the anion complex is selected from the group consisting 
of tetrafluoroborate (BF 4 ~ ). hexafluorophosphate (PF 6 ), hexafluoroantimonate (SbF 6 ), hexafluoroarsenate (AsF 6 ' 
), and hexachloroarrtimonate (SbCI 6 ). 

6. The photo-curable resin composition of claim 2, wherein the photo-initiator (B) is an onium salt containing an anion 
40 represented by the general formula [(Mx^OH)" 1 ], wherein M represents a metal or metalloid selected from the 
group consisting of B. P, As, Sb. Fe, Sn, Bi, Al, Ca, In, Ti, Zn, Sc, V, Cr, Mn, and Co and X is a halogen atom; n is 
the number of halogen atoms required to the anion with sufficient to provide the anion fill the remaining valences 
of the metal or metalloid. 

45 7. The photo-curable resin compound of claim 6, wherein the cationic photo-initaitor (B) is an onium salt containing 
an anion selected from the group consisting perchloric acid ion (CICV), trifluoromethane sulfonate ion (CF3SO3"), 
fluorosuffonate ion (FS0 3 ), toluene sulfonate anion, trinitrobenzene sulfonate anion and trinitrotoluene sulfonate 
anion. 

50 8. The photo-curable resin composition according to any one of claims 1 -7, wherein the photo-initiator (B) is present 
in an amount of 0.1 -10% by weight 



9. The photo-curable resin composition according to any one of claims 1-8, wherein the ethylenically unsaturated 
monomer (C) comprises a mono-functional monomer having one unsaturated bond per molecule or a poryfunc- 

55 tional monomer having two or more unsaturated bonds per molecule. 

10. The photo-curable resin composition of claim 9, wherein the polyfunctional monomer has three or more unsatu- 
rated bonds per molecule and comprises 60% by weight or more of the total amount of component (C) present in 
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the composition. 

11. The photo-curable resin composition according to any one of claims 1-10, wherein the ethylenically unsaturated 
monomer (C) is pr sent in an amount of 5-40% by weight of the total composition. 

12. The photo-curable resin composition according to any of claims 1-11. wherein the radical photo-initiator (D) is 
present in an amount of 0.01-10% by weight. 

13. The photo-curable resin composition according to any one of claims 1-12, wherein the polyol (E) has 2-6 hydroxyl 
groups per molecule. 

14. The photo-curable resin composition according to any one of claims 1 -13, wherein said composition comprises one 
or more cationicaily polymerizable compounds selected from the group consisting of oxetane compounds, oxaJan 
compounds, cyclic acetal compounds, cyclic lactone compounds, thiirane compound, thiethane compounds, 
vinylether compounds and spiro-ortho ester compounds. 

1 5. A process for forming a three-dimensional object comprising the steps of 

(a) introducing onto a movable stage a layer of a photo-curable resin comprising: 
(A) a compound represented by formula (1), 



>04oXf4-4o-cK,-C> c 



d) 



(B) a cationic photo-initiator, 

(C) an ethylenically unsaturated monomer. 

(D) a radical photo-initiator, and 

(E) a polyol; 

wherein R 1 and R 2 , which may be the same or different, individually represent a hydrogen atom, methyl 
group, ethyl group, isopropyl group, n-butyi group, sec-butyl group, or tert-butyl group, m is an integer from 
1 -7, and n is an integer from 1 -20, provided that when there are two or more groups of R 1 or R 2 present, 
a plurality of R 1 or R 2 may be either the same or different; 

(b) curing said layer by selectively irradiating said layer with light; 

(c) introducing a further layer of said photocurable resin composition onto said cured layer and repeating step 
(b). 

16. The process of claim 15, wherein said process further comprises washing said object with a thermosetting or 
photocurable resin. 

17. The process of claim 15, further comprising the step of covering the surface of said object with a heat curable or 
photocurable hard coating agent. 

18. The process of claim 17, wherein said hard coating agent is an acryl resin, an epoxy resin, or a silicon resin. 

19. The process of claim 15, wherein the resin is irradiated by a laser beam. 
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Fig. 1 
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